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MATERIALS AND METHODS

Experimental system.
The design of the hairpin DNA and its attachment to the magnetic bead and glass slide are as shown in Figure S1 and as previously described (1) .
At F = 5pN hybridization is insensitive to the force applied to the hairpin.
When an oligonucleotide hybridizes with the hairpin in the elongated situation, the hybridization process does depend on the force applied on the hairpin (Fig 2S) . At low force (F = 2 pN), the ssDNA is shorter than the dsDNA; thus upon hybridization the extension of the hairpin increases. In that situation, the force is helping the hybridization process. If the force applied to the hairpin is high (F = 10 pN), then the ssDNA is longer than the dsDNA; upon hybridization the hairpin extension shrinks meaning that the hybridization process is hindered by the applied force. If we set the force at 5 pN, the extension of ssDNA and dsDNA is the same; thus the hybridization of the oligonucleotide is neither favored nor hindered by the applied force. Around the point F = 5 pN, we can evaluate the energy opposed or delivered by increasing or decreasing the force by 1 pN; it correspond to ~0.2 pN·nm that is 1.6% of the typical base pair energy.
Various schemes used for measuring the kinetics of Ded1 in our experiments.
Below we sum-up the various schemes that were used in measuring the kinetics of Ded1 helicase in our system. RNA nucleotides are written as A, U, G and C, while DNA nucleotides have a "d" prior to each base to distinguish them from RNA bases. The complimentary regions of the oligonucleotides are underlined.
Scheme 1: Hybridization of oligonucleotides to the loop of DNA hairpin. The schematic is shown in Figure 1 . The force at which the binding time (T off ) of the RNA oligonucleotide was calculated is such that both dsDNA and ssDNA extensions are similar. As such, the affect of external force is minimal on the DNA-RNA hybrid. This scheme was used in various cases as elaborated below: a) Determination of loading strand preference. We used 11 bp-long RNA oligonucleotides, with and without noncomplementary overhangs, to bind to the loop of DNA hairpin described above.
bp:
5' AGA UGC CAA AA 3' The green curve displays the extension of a single base pair versus the applied force F. This curve is described by the Worm-Like Chain model with a persistence length of 50 nm. The dsDNA extension reaches its maximum length with a very weak force in the range of one or two pN. On the other hand, ssDNA is not described by a simple polymer model, but it presents a far smaller persistence length. As a result, the extension of ssDNA evolves on a larger range of force. Furthermore, ssDNA does not need to wrap around another strand as dsDNA does and thus can extend much more that the dsDNA.
The two elasticity curves meet around 5 pN, with ssDNA being shorter than dsDNA below 5pN and longer above.
